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samples), and a series of solutions for the corrections of oxide and hydroxide interferences (pure 146 water, Ba+Ce, Pr+Nd, and Sm+Eu+Gd+Tb solution, see Barrat et al. (1996) for more details). One 147 BHVO-2 reference solution was analyzed every three samples and used for both calibration and drift 148 corrections. The raw data were first corrected for drift, procedural blank and interferences. [X] 1 , the 149 raw concentration of a given element X in sample was calculated using the corrected data for the 150 BHVO-2 and sample solutions. Then, the three analyses obtained for each sample were averaged. 151
152
A second aliquot of the mother solution was spiked with a pure solution of Tm, and processed 153 like the previous one. The spiked sample solution (solution 2) was analyzed using a separate sequence 154 similar to that used for unspiked samples. The REE abundances (except Tm) in the sample are 155 calculated with the following equation (Barrat et al., 1996) : 156 157 [X] 2 =(C x /C' Tm1 ) (M Tm /M) / [(C Tm /C' Tm1 )-1]
(1) 158 159 Where [X] 2 and C x are the concentrations of the element X in the sample and in the solution 160 2, respectively. C Tm and C' Tm1 are respectively the concentration of Tm in solution 2 and the estimated 161 concentration of Tm in this solution without the contribution of the spike. C' Tm1 was directly 162 calculated using the Tm/Er and Tm/Yb ratios previously obtained for the unspiked solution (solution 163 1). M is the mass of sample contained in the aliquot of the mother solution used to prepare solution 2, 164 and M Tm is the amount of Tm added. Note that the choice of a Tm-spike here is not specific to the 165 present study but corresponds to the routine procedure used by the first author in Brest. 166 167 REE abundances obtained with solutions 1 and 2 are of course very similar, but Tm 168 abundances cannot be determined using solution 2. However, the concentrations obtained with 169 solution 2 are considered more robust, because less affected by the errors on the dilution factors, and 170 less prone to the instrumental drift (Barrat et al., 1996) Two samples (NWA 7325, and an olivine separate from the Brenham pallasite) display very 181 low heavy REE abundances (< 0.1 x CI). Their REEs were concentrated and separated from the major elements before analysis following the method described by Barrat et al. (1996) . These two samples 183 were previously analyzed without REE separation and Tm abundances were not available (Greenwood 184 et al., 2015; Barrat et al., 2015) . The new analyses now include Tm, and the other REE abundances are 185 in excellent agreement with the previous ones (the previous and new analyses usually agree within 186 4%). 187
188
The results for international reference materials are given in Table 1 , relative to our working 189 values for the USGS basalt BHVO-2. The latter were derived from the isotope dilution results 190 obtained by Raczek et al. (2001) for La, Ce, Nd, Sm, Eu, Gd, Dy, Er, Yb and Lu, and from our 191 previous ICP-MS analyses for Pr, Tb, Ho, and Tm (Barrat et al., 2012) . In the event of future change 192 to these BHVO-2 values, the data need only to be corrected by the ratio of the new and old values. 193
Based on replicate analyses of standard reference materials and samples (Barrat et al., 2012 (Barrat et al., , 2014 , the 194 precision for REE abundances is much better than 3 % (one relative standard deviation -RSD). 195
196
The accuracy of our results is of course directly linked to the accuracy of our working values 197 for BHVO-2. At present, BHVO-2 is one of the best characterized reference materials for REEs, and 198 our working values are very similar to the GEOREM's preferred values (georem.mpch-199 mainz.gwdg.de). Furthermore, the results obtained for other well-characterized reference materials 200 (e.g., Bayon et al., 2009; Barrat et al., 2012 Barrat et al., , 2014 confirm that the BHVO-2 working values are 201 accurate and validate our calibration, as exemplified here by the results obtained for BIR-1 and BCR-2 202 (Table 1 and Fig. 2 ), which are other well-known reference materials. 203
204
The Tm anomalies can be estimated using the Tm/Tm* ratio, where Tm* is the interpolated 205
Tm concentration for a smooth CI-normalized REE pattern and X n is the concentration of element X 206 normalized to chondrite: 207 208 Tm/Tm*=(Tm n )/(Er n ×Yb n ) 1/2
( 3) 209
210
The relative standard deviations of Tm/Tm* values based on replicate BCR-2 and BIR-1 are 211 better than 0.6 % and 0.3 %, respectively (Table 1) . From the results obtained for both reference 212 materials and sample replicates, we estimate that the precision of Tm/Tm* measurements is better than 213 0.7 % (1 RSD). 214 215 Dauphas and Pourmand (2015) used different equations to estimate the Tm anomalies. In a 216 first equation, Tm* is interpolated linearly using the logarithm of the CI-normalized abundances 217 against ionic radius of Er and Yb: 218 (Tm/Tm*) D&P =(Tm n )/( Er n 0.55 ×Yb n 0.45 ) (4) 220
221
As shown in Figure 1 , the Tm anomalies obtained using this equation are similar to those 222 obtained with equation (3). Moreover, Dauphas and Pourmand (2015) proposed a second estimation of 223 the Tm anomalies using Er and Lu, because Yb can be decoupled from the other REEs in highly 224 reducing conditions (e.g., Pack et al., 2004) : 225 226 (Tm/Tm**) D&P =(Tm n )/( Er n 0.66 ×Lu n 0.34 ) (5) 227
228
Finally, they noticed that the curvature of the REE patterns could affect the Tm anomalies 229 when based on simple linear interpolations. They proposed a third approach for normalizing Tm by 230 using a Lagrangian (3 rd order polynomial) interpolation between four REEs, Dy, Ho, Er and Lu: 231 232 (Tm/Tm***) D&P =(Tm n )/( Dy n 0.33 ×Ho n -1.29 ×Er n 1.85 ×Lu n 0.11 ) (6) 233
234
The enstatite meteorites that we have analyzed do not display negative Yb anomalies. The 235 (Tm/Tm**) D&P and Tm/Tm* ratios are very similar (Fig. 1) , and consequently the use of equation 5 is 236 not necessary to compare our enstatite chondrites (EC) samples with the other chondrites. Although 237 the (Tm/Tm**) D&P and (Tm/Tm***) D&P ratios have their advantages, they will not be used here. In the 238 rest of the paper, we will use the Tm/Tm* ratios calculated using equation 3 because these ratios 239 provide a precise estimate of the Tm-anomalies, are coherent with the inter-element distance in usual 240 REE plots, and provide in most cases, the same information as the (Tm/Tm*) D&P and (Tm/Tm***) D&P 241 ratios. In order to better discuss the curvature effect (CE) of the REE pattern, an additional equation is 242 preferred. We use a Lagrangian interpolation like Dauphas and Pourmand (2015) , but with two 243 elements at each side of Tm (Ho, Er, Yb, Lu): 244 245 Tm/Tm* CE = Tm n /[(Yb n × Er n ) 4 /(Lu n × Ho n )] 1/6 (7) 246 247 As shown in Figure 1 , the Tm/Tm* CE ratios are more strongly correlated with Tm/Tm* than 248 the (Tm/Tm***) D&P ratios, suggesting that the effect of the shape of the REE pattern is more correctly 249 taken into account with equation 7. The effect of the curvature of the pattern on the calculated 250 Tm/Tm* ratio for each sample can be discussed using the CE# number, defined here as the Tm* CE 251 /Tm* ratio: 252 253 CE# = Tm* CE /Tm* = [(Yb n × Er n )/(Lu n × Ho n )] 1/6 (8) 254
If CE# ≈ 1 (i.e., in the range 0.99-1.01), the curvature effect is negligible, and the Tm anomaly 256 estimated using equation 3 is reliable. If CE# < 1, the Tm/Tm* ratio amplifies the negative Tm 257 anomalies and reduces the positive ones. If CE# >1, the opposite effects are obtained. As we will see 258 for terrestrial lavas, the shapes of the REE patterns can have a significant effect on the Tm/Tm* ratios. 259
Although, these shapes do not generate anomalous or aberrant Tm anomalies, the curvature effects 260 must be taken into account when the Tm/Tm* ratios of samples with very different REE patterns are 261 compared. 262
263
The choice of the normalizing values (i.e., CI concentrations) has an important impact on the 264 values of the calculated Tm/Tm* ratios. However, it has no effect on the offsets between samples of 265 various types. Here we have adopted the CI average recommended by Barrat et al. (2012) because this 266 average was obtained from five "large" samples prepared from distinct stones of Orgueil, which 267 comprise ca. 4 g of this meteorite. More importantly, the Orgueil analyses were obtained using the 268 same procedure and the same calibration strategy as the analyses presented here, minimizing any 269 possible systematic bias. We have reanalyzed aliquots of our Orgueil samples (see below), and the 270 new results confirm the results from Barrat et al. (2012) , so that revision of the normalizing values is 271 not necessary. 272
273
The Tm anomalies reported in this study are small (< 15 %), but significant as illustrated by 274 the reference materials (Table 1) : BIR-1 (Tm/Tm*=0.978, 1 = 0.003, Table 1 ) and BCR-2 275 (Tm/Tm*= 0.970, 1 = 0.006, Table 1) where Tm* is calculated using the average CI abundances obtained by Barrat et al. (2012) , and 285 (standard refers to BHVO-2, BIR-1, BCR-2 or USNM 3529 depending on the study considered). 286
When the literature data were accompanied by two or more standards, the corrected Tm/Tm* ratios 287 were averaged. The corrections were small and similar when two or more standards were considered: 288 about 3 % for the data obtained by Dauphas and Pourmand (2015) and about 2 % for the data obtained 289
by Stracke et al. (2012) . All values reported or discussed in this paper are relative to our BHVO-2 290 working values. 291 292
Results

293
Results are given in Tables 1 to 4. The REE abundances of the meteorites and terrestrial rocks 294 analyzed here, are discussed extensively in the literature, and in depth discussions concerning the 295 shape of the REE patterns will not be repeated here. Instead, our study is focused on Tm anomalies, 296 which are small and not always discernable in the REE patterns, as demonstrated in Figure 3 . The 297
Tm/Tm* ratios are presented in Figure 4 along with selected literature data. A synthesis of the 298 Tm/Tm* ratios in meteorites and bulk planetary bodies is given in Table 5 . 299
Tm abundance in the CI reference 300
Large chips of Orgueil and Ivuna were previously analyzed, and the average of five Orgueil 301 samples was recommended for normalization purposes (Barrat et al., 2012) . In order to check the 302 normalization values for the heavy REEs, we dissolved 30 mg splits of the previous CI powders 303 (previous analyses of the same samples were obtained using about 120-150 mg of powders). The 304 results display a limited range of Tm/Tm* ratios from 0.991 to 1.003 (Table 2) , with a mean = 0.999 305 ( =0.005, n=10). These results indicate that our CI average used for normalization does not require 306 revision at the present level of precision. Pourmand et al. (2012) obtained Tm/Tm* ratios ranging from 307 0.999 to 1.043, and consequently a CI average with a small positive anomaly relative to our results 308 (Tm/Tm*=1.022 after correction of the interlaboratory bias). This small discrepancy could be at least 309 partially explained by the small size of most of the chips analyzed by these authors, totaling ca. 2.14 g 310 for Orgueil, Alais and Ivuna, since it is well known that CI chondrites are heavily brecciated and 311 chemically heterogeneous at the sub-mm scale (e.g., Morlok et al., 2006) . It is also conceivable that 312
CIs contain rare refractory inclusions (or their remnants after aqueous alteration) which could have 313 affected their Tm abundances (Bendel et al., 2012a,b) . Although one small CAI was found in Ivuna 314 (Frank et al., 2011) , the limited range of Tm/Tm* ratios shown by our samples is not consistent with 315 the occurrence of heterogeneously dispersed refractory inclusions. 316 317
Tm anomalies in other chondrites
318
The abundance of Tm in chondrites has been measured in a large number of samples by 319 Tables 2-3 ). Because all these chondrites have CE#-numbers very close to 1 (=0.995-1.006, 323
Table 2), their Tm/Tm* ratios are unaffected by curvature in REE patterns and are faithful measures of 324 Tm anomalies. The three CM samples display Tm/Tm*>1 (i.e., from 1.009 to 1.036) contrary to the 325 two ordinary (average Tm/Tm*= 0.972, n=2) and the six enstatite chondrites (average Tm/Tm*= 326 0.983, = 0.003, n=6) which all show small negative Tm anomalies. For all these types of chondrites, 327
the new results are in good agreement with data obtained by Dauphas and Pourmand (2015) . However, 328 our results for enstatite chondrites appear much more homogeneous than the previously published data 329 ( Fig. 4 and Table 5 Stannern, Bouvante, and NWA 2061) are very homogeneous, and range from 0.972 to 0.978. Their 337 average Tm/Tm* ratio (= 0.974, = 0.002) is similar to the average of ordinary chondrites (=0.977, 338 = 0.006, n=22, see Table 8 ). 339
340
Similar negative Tm anomalies were obtained for the angrite NWA 1296, and for five aubrites 341 including the samples analyzed by Dauphas and Pourmand (2015) . Moreover, the four ureilites 342 analyzed here display analogous negative Tm anomalies (Tm/Tm*=0.964-0.983), like the value 343 measured previously for an Almahata Sitta trachyandesite (Tm/Tm*=0.972) from the same parent-344 body (Bischoff et al., 2014) . These results strengthen the "noncarbonaceous pedigree" of the ureilite 345 parent body despite the high C contents of the ureilites, as previously suggested by Yamakawa et al. 346 (2010) and Warren (2011a) from isotopic anomalies. 347
348
The REE pattern of the Brenham olivine is enriched in light REEs, with a slightly convex heavy 349 REE distribution (see Fig. 7 in Greenwood et al., 2015) . Indeed, the CE#-number is low (=0.976) and 350 the curvature of the pattern cannot be ignored. Although its Tm/Tm* ratio (=0.975) is similar to those 351 of other achondrites, the Tm/Tm* CE ratio is 0.999 indicating that no Tm anomaly is present in this , 2015) . It displays the largest negative Tm anomaly analyzed so far in a magmatic rock ( Fig. 3 ). Its 362 Tm/Tm* ratio (=0.855) is too distinct to be explained solely by a curvature effect of the REE pattern 363 despite a low CE#-number (=0.983). Indeed, its Tm/Tm* CE ratio is similarly low (=0.868). A possible 364 explanation for this low value could be an analytical artifact. NWA 7325 displays a huge positive Eu 365 anomaly, and consequently is characterized by a high Eu/Tm ratio of 313. In the case of Eu-rich rocks, 366 the determination of Tm abundances could possibly be hampered by a 153 Eu 16 O interference on the 367 169 Tm peak, but the former is generally insignificant. This interference is monitored and corrected for 368 in our procedure (e.g., Barrat et al., 1996) . A negative Tm anomaly could be obtained if the Eu oxide 369 interference was overcorrected. We have spiked a sample of BIR-1 with a solution of pure Eu, in order 370
to check this effect. Although the Eu/Tm ratio of the spiked BIR-1 sample (Eu/Tm = 205 instead of 2 371 in an unspiked sample) is very high, its Tm/Tm* ratio is identical to the results obtained for unspiked 372 samples ( Table 1) . We conclude that the low Tm/Tm* ratio obtained for NWA 7325 is real. 
Tm anomalies in terrestrial and lunar rocks 382
Three types of samples were selected: recent lavas (n=42 including reference materials), 383 mainly basalts, from all the oceans and from different geological settings (mid ocean ridge basalts, 384 ocean island basalts, continental alkali basalts, island arc lavas), tektites (two indochinites and two 385 Libyan Desert glasses) formed from the melting of sedimentary protoliths (e.g., Koeberl, 1992 , Barrat 386 et al., 1997 , and a lunar meteorite. 387 388 Terrestrial lavas display a wide range of compositions, with a large diversity of REE patterns. 389
Our sampling encompasses a large variety of lavas ranging from light-REE depleted oceanic basalts 390 with no important curvature for the heavy REEs to alkali lavas with strongly fractionated patterns 391 (e.g., lavas from Tubuai or from the French Massif Central). The curvature of the REE patterns is 392 significant for some samples: the CE#-numbers of the lavas range from 0.978 to 0.999. All lavas 393 display a slight negative Tm anomaly and the Tm/Tm* ratios show a significant range of variability, 394 from 0.946 to 0.988 (Fig. 4) . The mean Tm/Tm* ratio (=0.965, =0.011, n=42) for all lavas including 395 the reference materials BE-N, BIR-1, BHVO-2, JA3, and JB2, is slightly lower than the Vestan and 396
Martian means. The spread of the Tm/Tm* ratios is chiefly explained by a curvature effect of the REE 397 patterns. Indeed, the samples with the lowest CE#-numbers exhibit among the lowest Tm/Tm* ratios 398 ( Fig. 5) . A more limited range of values is obtained if Tm/Tm* CE ratios are considered ( Fig. 5) . 399 400 Although the number of high quality Tm analyses of upper crustal rocks available at present is 401 limited, their Tm/Tm* ratios overlap and extend the range obtained for basaltic lavas to lower values 402 ( Fig. 4) . The REE patterns of the two indochinites are nearly identical, with slight negative Tm 403 anomalies (0.975-0.981) similar to those observed in shales (Figures 4 and 6) . A Tm/Tm* as low as 404 0.933 was measured by Dauphas and Pourmand (2015) for G3 granite, a reference material. These 405 authors interpreted the scatter in Tm/Tm* anomalies among terrestrial rocks to reflect the curvature of 406 REE patterns and G3 is indeed a sample that displays a strong curvature (CE# = 0.981). The two 407
Libyan Desert glasses show parallel REE patterns but with slightly more pronounced negative Tm 408 anomalies than shales (Tm/Tm*=0.947-0.954), and these may not totally explained by the curvature of 409 the patterns (Fig. 6 ). Volatilization of Tm during impact is a possible explanation. However, Libyan 410
Desert glasses display unfractionated isotope compositions of Zn and Cu in comparison to the 411 terrestrial crust (Moynier et al., 2009 (Moynier et al., , 2010 . Because these elements are much more volatile than Tm, 412 preferential volatilization of Tm during impact melting is unlikely. More high quality Tm 413 measurements for upper crustal rocks (including granites and sediments), are necessary to evaluate a 414 possible decoupling of Tm during geological processes. II CAIs (Fig. 6 , e.g., Mason and Taylor, 1982; Shinotsuka et al., 1995; Stracke et al., 2012) . Thus, it 432 can be inferred that the range of Tm/Tm* ratios in chondrites is mostly controlled by the distribution 433 of refractory inclusions or other refractory components. Indeed, Dauphas and Pourmand (2015) 434 pointed out that there is a relationship between Tm anomalies and Ca isotopic fractionation in bulk 435 meteorites. The reason is that CAIs with type II REE patterns also have fractionated Ca isotopic 436 compositions (Huang et al., 2012) . Ordinary and enstatite chondrites have slight negative Tm 437 anomalies and 44 Ca values close to the terrestrial composition, while carbonaceous chondrites have 438 positive Tm anomalies and heavy 44 Ca values relative to Earth. The data plot on mixing trends 439 defined by type II CAIs and by the terrestrial composition as endmembers (Fig. 7) . This general 440 pattern is confirmed by the present study but in order to make progress on this topic, one would need 441 to measure Ca isotopes and Tm anomalies in the same aliquots, as carbonaceous chondrites are likely 442
to be heterogeneous at the sampling scale. Some of the carbonaceous chondrites with high Tm/Tm* 443 values relative to inner solar system bodies are devoid of CAIs (e.g., CIs). The carriers of Tm 444 anomalies need not be in the form of grains that aggregated to form CAIs, however. They could also 445 be in the form of disseminated refractory dust grains that carry the same chemical signature but were 446 obliterated by parent-body processes such as aqueous alteration on the CI parent-body. This means 447 that a simple correlation between the modal abundance of CAIs and Tm anomalies is neither expected 448 nor observed. 449 (Table 5) . 458
459
The determination of the Tm anomaly of the bulk Earth is not as straightforward as for those 460 of other telluric bodies, because terrestrial rocks, including lavas and continental rocks, display a 461 puzzling range of Tm/Tm* ratios, from 0.93 to 0.99, which is chiefly explained by the diversity and 462 curvature of their REE patterns (also see Dauphas and Pourmand, 2015) . The mean Tm/Tm* ratios of 463 all lavas cannot provide a correct estimate for the bulk Earth because this mean is certainly biased by 464 the alkali lavas, which display the lowest CE#-numbers and Tm/Tm* ratios, and comprise about half 465 of our database. Instead, we estimate the Tm/Tm* ratio of the bulk Earth using only lava samples for 466 which the curvature effect is negligible, in other words those samples with CE# numbers in the range 467 0.99-1.00. Thus, the Tm/Tm* ratio of our planet is certainly very close to 0.976 (Table 5 ). This ratio is 468 similar to the mean of the shales (Tm/Tm*=0.974, Table 5 ) whose CE# numbers are all in the range 469 0.996-1.003 (Fig. 5) . The mean of the shales certainly mirrors the upper continental crust value, and 470 suggests that Tm was not decoupled from other heavy REEs during the formation of the continental 471 crust or sedimentary processes. The lower Tm/Tm* ratio (= 0.963, n=25) displayed by the mean of the 472 aeolian dust analyzed by Pourmand et al. (2014) is not explained at present (Fig. 5 ), but a slight 473 analytical bias cannot be excluded (Fig. 5) . 474 475
4.3
Tm/Tm* ratios and non-CI refractory lithophile element abundances 476 An important observation that emerges from our work is that the Tm/Tm* ratios of the Earth, 477
Mars, Vesta, the UPB, and the aubrite parent body are indistinguishable and close to 0.975 ( Fig. 4 and 478 Table 5 ). This may be a characteristic signature of inner solar system solids (Dauphas and Pourmand, 479 2015) . This inference is strengthened by the results obtained on one angrite, and on ordinary and 480 enstatite chondrites, which all display similar Tm/Tm* ratios as Earth, Mars, and Vesta. The unique 481 achondrite NWA 7325, which crystallized from an impact melt, is the sole sample with a much lower 482
Tm/Tm* ratio. Its parent body could have formed from a minor reservoir with distinctly lower 483 negative Tm anomalies. CI abundances, calculations indicate that Tm/Tm* ratios ranging from 0.97 to 0.98 can be explained 489 by variations in the proportion of Group II CAI-like dust in the order of ±0.035 wt% only. Thus the 490 materials that formed the Earth and Mars, and much smaller differentiated bodies like Vesta or the 491 aubrite parent body, were extremely homogeneous with respect to heavy REE fractionation, despite a 492 strong heterogeneity in terms of volatile depletions (Fig. 8) . 493 494 Refractory lithophile elements (RLEs; Ca, Al, Ti, REEs) are usually assumed to be in CI-like 495 proportions in planetary materials, reflecting the fact that they cannot easily be fractionated at a bulk 496 planetary scale by nebular processes. This assumption is very difficult to put to the test because these 497 elements can be fractionated by magmatic and aqueous processes that overprint earlier signatures. The 498 first line of evidence that the Earth may have non-chondritic RLE ratios came from high precision 499 142 Nd isotope measurements which revealed that the accessible Earth may have a Sm/Nd ratio higher 500 than chondritic (Boyet and Carlson, 2005) . Nebular processes cannot readily explained this 501 fractionation and it was suggested that either a hidden early formed enriched reservoir with a low 502 Sm/Nd is present in the deep Earth (i.e., a recycled protocrust; Boyet and Carlson, 2005) with Chelyabinsk (Tm/Tm*=0.975) and Paris (Tm/Tm*=1.009)] displays a Tm/Tm*=0.983 just 522 slightly higher than the mean ordinary chondrite value, at the limit of the present level of precision. 523
However, the homogeneity of the Tm/Tm* ratios for the Earth, Mars and Vesta strongly suggests that 524 carbonaceous chondrites were not the main planetary building materials in the Inner Solar System, in 525 agreement with the systematics of O, Ca, Ti, Cr, and Ni isotopes (e.g., Warren, 2011b; Dauphas et al., 526 2014) . 527 528
Conclusions
529
Our analyses of chondrites confirm the dichotomy between carbonaceous and non-carbonaceous 530 chondrites reported by previous studies. Relative to CIs, carbonaceous chondrites display Tm/Tm* 531 ratios equal to, or higher than one, while the vast majority of the non-carbonaceous chondrites display 532 negative Tm/Tm* anomalies (Fig. 4) . All achondrites and planetary samples analyzed so far display 533 small negative Tm anomalies relative to CIs (Tm/Tm*=0.975), similar to non-carbonaceous chondrites 534 ( Fig. 4) . Terrestrial rocks show variable Tm/Tm* ratios that reflect the fact that the use of Er and Yb 535 abundances for normalization to determine Tm anomalies can lead to misleading results if REE 536 patterns display some curvature. Accounting for this curvature effect, we show that the Earth has a 537 Tm/Tm* ratio of 0.976. One of the most important observations that emerges from our work is that the 538 mean Tm/Tm* ratios of the Earth, Mars, 4-Vesta, and possibly of most of the parent bodies of 539 achondrites (angrites, ureilites, aubrites) are similar. This suggests that small negative Tm anomalies 540 (typically Tm/Tm*=0.975) were a widespread feature of inner solar system solids. Our data agree with 541 isotope studies, which suggest that carbonaceous chondrites represent a minor fraction of Earth's building blocks. The presence of negative Tm anomalies in bulk planetary materials (Earth, Mars, 543 Vesta, other achondrite parent bodies) relative to CIs demonstrates that the assumption that refractory 544 lithophile elements are present in CI proportions in planets is unwarranted as CIs are seemingly 545 enriched in a refractory component with a distinct RLE signature. 546 547 Acknowledgements 548
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